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Abstract

We have had the experience two times, once in the
middle of June after a harsh winter and once at the end
of September. There was no way to reach the caves, not
even by plane. So there might be many more, not yet
found, ice caves around.
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An abandoned auto tunnel in south central Alaska at
an elevation of 118 m above sea level seemed to be a
perfect laboratory for studying the evolution of ice
speleothems in a yearly cycle. More than 1,500 ice
forms like stalagmites, stalactites, columns in various
shapes and arrangements, developed in just 2 months
to a height up to 6 meters and lasted for another 5 to 6
months. In October just the remains of the melted ice in
rings and rectangular patterns of a white powder could
be found. Unfortunately the mostly sealed tunnel was
opened in January 2014 by a melt water stream which
was redirected by a huge avalanche. The perfect “ice
cave conditions” were destroyed abruptly (Hollander &
Theriault, 2014; NASA; 2014a).
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Introduction

Although, Alaska is the coldest state in the USA and
one should expect lots of ice caves in all the mountain
areas, just a few caves with permanent ice are well
known (Allred, 2008 a & b). They are located in the
Wrangell Mountains in the eastern part of the state
close to the old mining town of Kennecott. Till now,
no meteorological or climatological investigations in
these caves are known. There are some reasons for the
circumstances that we know more about the ice caves
of Hawai’i than Alaska.
First of all, Alaska is remote for most scientists and
not cheap to go. The harsh weather conditions limit the
time for searching and investigating the caves, which
is best in summer. Especially during the summer time
the state is full of tourists and everything is much more
expensive. Going in the spring season the snow might
be still too high, in fall the snow can be too high already.
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The other reason is the climate itself. Alaska is pretty
cold in the winter but warms up in the summer to average
monthly high temperatures of 21.6°C in McCarthy for
instance (Snyder, 2013). The temperature itself is not
the worst problem. The bigger problem is the very
high amount of rain during the summer season. In the
southern costal parts of the State, along the panhandle
and the Chugach Mountains of south central Alaska,
we have lots of rain during the summer season which
invades the caves and warms them up. We have this
phenomenon even in the Alaska Range in the Wrangell
Mountains. Cave entrances in the Wrangell Mountains
are plugged with ice and snow in June and were empty
or filled with water in September. The average amount
of rain for McCarthy is about 1,500 mm just for the
three summer months (Snyder, 2013). Where huge
ice falls showed nice sculptures in June, in September
nice waterfalls replaced the ice. Reachable caves with
permanent ice are very limited.
But in the Anchorage Daily News we found an article
about lots of ice in a man-made, cave like structure and
easy to reach. It was the old Auto tunnel in Keystone
Canyon on the road to Valdez (Bickley, 2012a). This
200 m long tunnel is no longer in use and both ends
were mostly plugged by walls of rocks and earth. Each
winter the inflowing water was freezing to ice and a
huge amount of ice speleothems were forming. It was
told that the ice was permanent in cold years (Bickley,
2012b). But no real scientific report was found. This
tunnel, even not naturally formed, was the lowest in
elevation known ice cave, at least in the US and worth
starting a measurement program.
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Site characteristics

The old Auto Tunnel is located at the north end of
Keystone Canyon near the Lowe River and the Alaska
Richardson Highway at an elevation of 118 m above
sea level. This is 26 km north of Valdez and just 18
km away from the water of the Valdez Arm and 56
km of the open Pacific. So we have a strong maritime
influence with a coastal climate, which means for
Alaska mild winters (January temperature average:
-5.6°C) with a high amount of snow and even rain in
winter at the lower elevation. In opposite to that we
have cool summers (July temperature average: 12.9°C).
The average precipitation is 1712.2 mm (Snyder, 2013).
The tunnel is 193.6 m long, about 8 to 10 m wide and
up to 7.3 m high. The very end of the south entrance
of about 3.8 m was filled with rocks and soil. The
open tunnel construction has four different sections
1. The end at the south entrance of a burned wood
structure and bedrock is 7.6 m long.
2. The ongoing southern part and the middle of
the tunnel are dominated by natural bedrock
(schist) and is 140.5 m long.
3. A structure of wooden and metal beams with
wooden cassettes in between is 27.6 m long
located in the northern half. The wooden
cassettes are partly destroyed showing the
hardly cracked rock behind. Here the most
water invades the tunnel through the bedrock.
4. The surface of the concrete structure of the
very northern end (14.1 m long) shows a strong
contrast to the other two sections because no
drip water invades the tunnel from the ceiling
or walls. All over the other parts water is
flowing and dripping inside the tube during all
seasons.

Through the upper south end opening the sun could
shine in directly around noon and precipitation could fall
in a very small part of the tunnel because the rocks were
overhanging.
Since January 2014, both ends are completely open and a
pile of rocks of the northern plug covers the ground about
a meter high till the middle of the tunnel. A huge avalanche
builds up a dam for the Loves River directly at the north
end of the tunnel. The high pres- sure of the building lake
opened the tunnel and flooded it completely. The plug
at the south end is gone as well and the tunnel is open
from both ends. Unfortunately our perfect laboratory for
the development of massive ice in short cycles is gone
(Hollander & Theriault, 2014, NASA, 2014a).

Methods

We have visited the tunnel 5 times; it was in June 2011,
in April and October 2013 and in January and April 2014.
During our first visit in June 2011 we found most of the
tunnel full of ground ice, ice columns, ice stalactites and
ice stalagmites, flowing water from the ceiling and walls,
dry ice, slush and open water lakes as well as a few ice
crystals at the ceiling at the north end (Fig. 1). For a first
investigation we put in two data loggers to measure the
air temperature. The data loggers with sensors from
the type PT1000 with a precision of +/-0.1 K. and a
resolution of 0.01°C (Geoprecision, 2014). All three data
loggers record the temperature at 5 minute intervals. The
first loggers were located 70 m from the north entrance
where we found the most ice sculptures at the first
wooden beam of the structured part. The second one was
located in the middle and dry part of the tunnel where no

Both ends are plugged by some rock and earth walls,
which looks artificial made in the north and naturally
built by rock fall in the south. Both talli are covered
with brush vegetation at the outside.
At the north end, just a small hole in the ceiling of
about 1 m in diameter was open in the first year but
mostly closed during later visits. The south end had
two openings, one at the ceiling of the rock fall of
about 8.75 m2 and two small ones in the middle just
big enough to crawl through, but sheltered by some
rocks inside the cave to the tunnel as well.

78

NCKRI SYMPOSIUM 4

Figure 1. Schematic plan view and cross
profile of the Alaska Auto Tunnel, the
distribution of the ice in April 2013 and the
location of the data loggers which are
described in the text.
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ice was found (Fig. 1). A year later we installed the third
logger at the south end, where we expected the strongest
influence of the outer atmosphere.
In addition to the recording of the air temperature we
took thermal images of the whole tunnel and we mapped
the ice speleothems as well (Fig. 1).

The Ice

During our first visit in June 2012, we found still a high
amount of ice in the tunnel. About 80% of the floor was
shielded with ice, about half of it was covered with a
few cm of water. As shown in Figures 2 and 3 we found
some columns, stalagmites and stalactites of ice, mostly
melting. Three of the columns had a huge base of ice
more than 1 meter high; the columns themselves had
another 4 to 5 meters (Fig. 2).

Figure 3. View from the middle of the tunnel to the
north, showing the section of the very wet wooden
and metal construction with ice stalactites, ice
stalagmites and ice columns in June 2012.

The most ice speleothems were concentrated in the
structure of wooden and metal beams (Fig. 3), while the
concrete structure in the north was dry. During the first
visit we did not count the ice forms but at the second one
in April 2013 we counted about 550 and in January 2014
we estimated about 1,500.
Because we had heard that the ice was more or less
permanent we thought that the different layers seen in
some of the ice forms might have been developed in
different years (Fig. 4). But after the visit in October
2013 finding no ice in the tunnel and the visit in January
2014 with again layered ice stalagmites it is clear that the

Figure 4. Layered ice stalagmite of a height
of 1.5 m in April 2013.

layering was caused by different growing circumstances.

Figure 2. View from the south end of the

tunnel to the north, showing the first two ice
columns with their huge base in June 2012.

For instance we could distinguish clear ice from clear
ice with some bubbles and white ice. The clear ice was
especially forming at the huge columns with a high
amount of drip water, while the white ice was built after
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drip water covered some ice crystals, which developed
on the clear ice.

Climatic conditions

As seen in Figure 5, a thermal image of the southern
part of the tunnel, we found a well-developed vertical
temperature profile with an inversion. Take into account
that the surface temperature of the rock is shown, but
gives us information about the air temperature as well.
The edge in June 2012 was at about 2/3 of the tunnel
height. The warmer surface temperatures were found
around the openings at both ends, while the floor was
around freezing. The water on the floor was not just melt
water, it was in some parts just water from the water
source of the columns not yet frozen. This we found as
well in January 2014. In contrast to June 2012 in January
there was no clear temperature layering, the whole tunnel
had more or less the same temperature.
The graph in Figure 6 shows the course of temperature
over the period from June 2012 to January 2014 for the
middle section for instance. During our first visit we
have been already in the melting season, but found still a

high amount of ice in the tunnel. Even with temperatures
above freezing not all ice was melting. Some ice was still
dry (Fig. 1).
The time below freezing from end of October to the
beginning of May is just a bit longer than the frost free
time, looking for the yearly period from June 2012 to June
2013. Interestingly the temperature rises rapidly, even
with lots of ice in the tunnel in June. This is different from
most of the natural ice caves with permanent ice, which
haven’t such an increase of the summer temperature. The
reason for the strong warming in summer was not just
the rising outside temperatures. The very high amount
of water invading the tunnel throughout the year through
the broken schist and especially through some of the drill
holes brings additional thermal energy and melts the ice
quickly.
While the warm summer periods, once above the freezing
point, are clearly stable with no cold air break ins, the
winter is kind of sensitive for a warming up, which can
be seen best for the second winter. The winter of 2013/14
was relatively mild and in comparison to the Midwest of
the mainland unusually warm (NASA, 2014a). During
our visit in January the outside temperatures reached
already above the freezing point and inside the tunnel they

Figure 5. Thermal image of the old Auto

tunnel from the middle to the south end, 12th
of June 2012. The Ice column, the stalagmites
and the dry ground ice are the coldest parts,
while the upper part of the south entrance
and the ceiling are the warmest areas. In the
lower middle of the picture one can see the
reflection of the ice column, some stalagmites
and the warm ceiling in the melting water.
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Figure 6. Course of air temperature in the

mid- dle section of the old Auto tunnel from
10th of June 2012 to 17th of January 2014.
Sample rate: 5 min. Yellow are temperatures
above freezing and blue temperatures
below freezing.
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Min

Max

Mean

Median

Stdw.

year

-10,02

4,80

-0,32

0,00

3,13

all

-10,02

6,28

0,87

0,68

3,10

Table 1. Statistical overview about the
tem- peratures in the middle section of the
auto tunnel for a yearly period from June
15th 2012 to June 14th 2013 and for the whole
time of measurements from June 13th 2012 to
January19th 2014.
followed this trend (National Weather Service Climate,
2014). These winter cycles of deep cold temperatures and
temperatures around the freezing point are the reason for
the strong layering of the ice stalagmites. As we could
observe, most of the dripping points stop dripping below
temperatures around -4 °C; except the water flows from
the drill holes forming the huge columns. This means
that the layering of the ice gave us a good impression
about the meteorological situation during the winter and
the temperature condition inside the tunnel.
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Table 1 shows the statistic of the temperatures of the
temperature sensor in the middle of the tunnel for two
different time periods.
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